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With the imminent depletion of natural resources, the search for alternatives for diesel has 
been an ongoing issue in the scientific world. Biodiesel feedstock, such as microbial oil, can 
be generated from fungi, yeast and algae. However, suitable environment must be provided 
to ensure optimal growth for efficient production of microbial oil. In this study, two 
different growth media, yeast malt broth (YMB) and Wild medium were tested for the 
growth of Lipomyces starkeyi ATCC 12659 and its mutant strains. The mutant strains 
tested were L. starkeyi MV-01 and L. starkeyi MV-05. L. starkeyi ATCC 12659 produced 
8.62 g/L biomass in YMB and 8.51 g/L in Wild media (1.3% difference). A significantly 
higher yield was recorded for L. starkeyi MV-01 when grown in YMB (9.16 g/L), 
compared to Wild media (6.44 g/L). As for L. starkeyi MV-05, a lower biomass yield was 
recorded when grown in YMB (9.62 g/L) than when grown in Wild medium (11.23 g/L). L. 
starkeyi ATCC 12659 was found to accumulate lipid up to 27.78% (w/w) of its biomass at 
8.07 g/L. L. starkeyi MV-01 accumulated lipid at 22.46% (w/w) of its biomass at 7.82 g/L 
and L. starkeyi MV-05 showed a peak lipid accumulation of 25.89% (w/w) at 8.60 g/L. 
When grown in sago effluent, L. starkeyi ATCC 12659 efficiently hydrolyzed starch to lipid 
at 35.04% (w/w) (9.47 g/L) of its dry biomass. L. starkeyi MV-01 was able to produce lipid 
at 33.62% (w/w) (8.03 g/L) of its dry biomass while L. starkeyi MV-05 converted starch to 
lipid at 34.11% (w/w) at 9.80 g/L dry biomass. Further studies that focuses on optimizing the 
cultivation conditions such as the types of carbon sources, carbon to nitrogen ratio, aeration 
inside the fermentation broth, pH and temperature can be conducted as these attributes 
greatly affect the microbial lipid yield. These include can greatly. In conclusion, parental 
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strain L. starkeyi showed the highest amount of lipid accumulated when compared with its 
mutant strains for both sago starch and sago effluent substrate. 
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Alternatif untuk diesel telah diberi perhatian kerana kekurangan sumber asli. Stok 
biodiesel seperti minyak mikrob boleh dihasilkan daripada kulat, ragi dan alga. Walau 
bagaimanapun, persekitaran yang sesuai mesti disediakan untuk memastikan pertumbuhan 
optimum bagi pengeluaran minyak mikrob yang cekap. Dua media pertumbuhan yang 
berbeza, yeast malt broth (YMB) dan media Wild telah diuji untuk kajian ini untuk menilai 
pertumbuhan Lipomyces starkeyi ATCC 12659 dan strain mutannya. L. starkeyi ATCC 
12659 menghasilkan minyak pada 8.62 g/L biomass dalam YMB dan 8.51 g/L dalam media 
Wild, pada perbezaan biojisim sebanyak 1.3%. Hasil yang lebih tinggi direkodkan untuk L. 
starkeyi MV-01 apabila YMB digunakan (9.16 g/L), berbanding media Wild (6.44 g/L). 
Bagi L. starkeyi MV-05, hasil biojisim yang lebih rendah dicatatkan apabila YMB 
digunakan (9.62 g/L) daripada medium Wild (11.23 g/L). Apabila menggunakan kanji 
sagu, L. starkeyi ATCC 12659 didapati dapat mengumpul minyak sehingga 27.78% (w/w) 
biojisim pada 8.07 g/L. L. starkeyi MV-01 dapat mengumpul minyak tertinggi pada 22.46% 
(w/w) biojisim pada 7.82 g/L dan L. starkeyi MV-05 menunjukkan pengumpulan minyak 
terbanyak sebanyak 25.89% (w/w) pada 8.60 g/L. Apabila menggunakan effluen sago, L. 
starkeyi ATCC 12659 cekap menghidrolisis kanji kepada minyak pada 35.04% (w/w) pada 
9.47 g/L biojisim keringnya. L. starkeyi MV-01 dapat menghasilkan minyak pada 33.62% 
(w/w) daripada biojisim keringnya pada 8.03 g/L manakala L. starkeyi MV-05 mengubah 
kanji kepada minyak pada 34.11% (w/w) pada 9.80 g/L biojisim kering. Kajian lanjutan 
yang berfokuskan kepada mengoptimumkan keadaan kultur seperti jenis sumber karbon, 
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pengudaraan di dalam kultur fermentasi, pH dan suhu dapat dijalankan kerana factor ini 
sangat mempengaruhi hasil pembuatan lemak mikrobia. Kesimpulannya, strain utama L. 
starkeyi menghasilkan lipid tertinggi jika dibandingkan dengan L. starkeyi MV-01 dan L. 
starkeyi MV-05 apabila kanji sagu dan efluen sagu digunakan sebagai substrat. 
 
Keywords: Bahan mentah biodiesel, Lipomyces starkeyi ATCC 12659, L. starkeyi MV-01, 
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Fossil fuels are non-renewable resources that are in high demand by the general population, 
especially in the industrial and transportation sector. According to Tortura et al. (2010), since 
the introduction of the diesel-based engine, these resources have been overexploited. 
Researchers are predicting their depletion in the near future if no changes are made promptly. 
Vast utilization of fuels by motorized vehicle are also causing immense output of greenhouse 
gases, causing additional environmental problems (Reece et al., 2011). The impacts of these 
environmental problems do not only affect the surrounding areas but can also damage the 
atmosphere severely. With this problem in mind, several alternatives have been proposed. 
Most of these suggestions focus on improving the industrial and residential sectors through 
utilization of renewable resources such as wind, solar, geothermal and hydroelectric sources 
(Campbell et al., 2012). However, finding a replacement for vehicular fuel is a very hard 
task as the fuel that is injected into the engine must be of high-density in properties (Sheedlo, 
2008). One promising alternative is biodiesel.  
 
Biodiesel can be defined as a fuel that is composed of mono-alkyl esters of long fatty acid 
chain that is made from renewable bioresources. Biodiesel is oxygenated, biodegradable, 
non-toxic, sulfur-free and eco-friendly. These properties render biodiesel a suitable 
alternative for commercial diesel (Alleman et al., 2008). Biodiesel was first discovered 
during the early 1900s and was produced from disposed biological waste of food and 
agricultural industries. Biofuel can be classified as first, second or third generation biofuels 
according to its starting feedstock. According to The American Society of Testing and 
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Materials (2015), first-generation biofuels are produced through conventional technology, 
second-generation biofuels are produced via non-food resources and utilize biomass to liquid 
technology and third-generation biofuels are biofuel produced from algae. Ravikumar et al. 
(2012) stated that biodiesel can be produced through the transesterification of oily materials 
obtained from the residues of food production mills and even consumables from the 
agricultural industries. During oil transesterification, the triglycerides reacts with methanol, 
forming glycerol and harvestable biodiesel in the form of methyl esters (Reece et al., 2011). 
 
Biodiesel offer several advantages when compared to conventional diesel because it is more 
environmental-friendly due to the absence of corrosive polycyclic hydrocarbons as in fossil 
fuels (Sheedlo, 2008). In the United States, an abundance of corn plantation allows for a vast 
research in corn starch fermentation for biodiesel production. Energy Information 
Administration (2007) stated that an increase of biodiesel production from 94.5 m gallons in 
2012 to 98 m gallons in 2014 proves that the interest in biodiesel is deemed increased over 
time. Biodiesel can also be generated from algae and oleaginous yeasts. This is because the 
lipid produced from these microorganisms are similar to vegetable oils, making them 
suitable for the manufacturing of surfactant, fatty acids and triglycerides products (Ageitos 
et al., 2011). 
 
Oleaginous yeasts are yeast that are capable of producing high quantity of lipid. According 
to Ageitos et al. (2011), only 5% of the total yeast population is oleaginous. Common 
oleaginous yeast species include Rhodosporidium toruloides, Rhodotorula glutinis, 
Yarrowia lipolytica and Cryptococcus albidus. They are known to produce lipid up to 20% 
of their dry mass (Leesing et al., 2011). One particular oleaginous yeast, Lipomycees 
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starkeyi, is able to accumulate lipid up to 70% of its dry mass, even within a nutrient-limited 
environment. This yeast accumulates lipid by hydrolyzing glycerol, soluble starch, glycerol 
and components from the growing medium (Xia et al., 2011). According to Subhash et al. 
(2011), the amount of lipid accumulated can also be affected by the nature of 
microorganisms, substrate and controllable parameters in cultures (temperature, pH, culture 
time, nutrients, etc.). 
 
In this study, optimal growth media for L. starkeyi and its mutant strains were investigated. 
The two media that were compared were yeast malt broth (YMB) and Wild medium. After 
the suitable media was chosen, the yeast and its mutant strains underwent submerged 
fermentation (SmF) to determine the lipid accumulation capabilities of each strain. Each L. 
starkeyi strains was induced in two different carbon sources and the carbon sources, namely 
sago starch and sago effluent. 
 
1.1  Problem statements 
 
Currently, the world is at risk of non-renewable resources rapid depletion, as well as the 
increase in emission of greenhouse gases that are released by the combustion of these 
resources (Tortura et al., 2010). Finding replacement for non-renewable resources is a 
gruesome challenge as the machinery and equipment that utilize these resources require fuel 
that contains high-energy density (Sheedlo, 2008). Oleaginous yeast is one of the 
microorganisms that can be used in biodiesel production as the lipid produced is reported to 
be in similar composition as vegetable oil (Ravikumar et al., 2012). Agricultural wastes 
produced from the sago industries are one of the waste product that can be used as a biodiesel 
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feedstock. Thus, this project focused on biolipid production via microbial oils from 




The objectives of this study were: 
1. To determine an optimal growth media for oleaginous yeast L. starkeyi ATCC 12659 as 
well as its mutant strains L. starkeyi MV-01 and L. starkeyi MV-05. 
2. To quantify the amount of microbial lipids produced through the utilization of sago 
starch and sago effluent as the carbon sources using L. starkeyi ATCC 12659 and the 
mutant strains L. starkeyi MV-01 and L. starkeyi MV-05. 
3. To compare the capability of the yeast strains L. starkeyi ATCC 12659 and the mutant 
strains L. starkeyi MV-01 and L. starkeyi MV-05 in accumulating biomass and lipid 
when cultured in sago starch and sago effluent. 
 
1.3 Dissertation organisation 
 
This dissertation is organized into five chapters. The general introduction, the problem 
statements and the main objectives are addressed within the first chapter. Chapter 2 focuses 
on the research background of this study. These chapters can be broken down into seven 
main subchapters and have been arranged accordingly. These subchapters start from fungi 
and oleaginous yeast, Lipomyces starkeyi, lipid in oleaginous yeast, biodiesel, sago 




In this dissertation, the materials and methodology that was used in this project are explained 
in Chapter 3, entitled “Materials and methods”. Chapter 4, entitled “Result and discussion”, 
discusses the ability of L. starkeyi and its mutants to grow optimally in different growth 
medium was determined. This chapter focused on evaluating the growth performance of L. 
starkeyi as well as the mutant strains when grown either in Yeast malt broth or Wild’s media. 
In this chapter, the capability of L. starkeyi and its mutant strains of growing and 
accumulating lipid with starch-based substrate as the main carbon sources in a submerged 
fermentation medium was investigated. The two starch-based substrates used in this study 
were sago starch and sago effluent. The ability of L. starkeyi and its mutant strains to grow 
using the nutrient and carbon in sago media was analyzed here. Determination of the more 
suitable starch substrate between sago starch and sago effluent in providing an optimal 
growth and lipid accumulating capability of L. starkeyi and its mutant was discussed in 
chapter 4 as well. The conclusions and recommendations are discussed in Chapter 5, 







2.1 Fungi and oleaginous yeast 
 
Fungi are classified as eukaryotes, as they have a true nucleus embedded within their cells 
(Brooker, 2012). They are of distinct classes from algae as they do not have chlorophyll in 
their cells. These diverse organisms can be found in almost all terrestrial and aquatic places 
(Reece et al., 2011). The kingdom fungi include moulds, yeasts and mushrooms and each of 
them have their own classification as well (Campbell et al., 2012). Tortura et al. (2010) 
mentioned that one of the crucial roles of yeast other than lipid production is carrying 
plasmid that will allow foreign eukaryotic genes expression. 
 
Fungi are capable of limitless growth if substrates are accessible at all the time. With the 
presence of desirable carbon substrate, fungi have the ability to grow and colonize the 
surface nutrient. Fungal hyphae extend their mycelium through the extension of each 
hyphae. Campbell et al. (2012) mentioned that this can allow limitless mycelium expansion 
if individual hyphae are able to extend themselves at the surface of the nutrient sources. 
With their hyphae, fungi can progress from one nutrient sources to another by using the 
energy obtained from the first source for their hyphae growth at the next one. The hyphae 
can be differentiated into specific fungal organs. Due to this, they are able to colonize 
nutrient sources at a relatively far from their sources either through root-like organs 
(rhizomorphs) or spore formation. Fungi are known to be having high resistance toward 
chemical agents, dryness and temperature variant that may interrupt their cell growth 
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(Tortura et al., 2010). 
 
Oleaginous yeasts are microorganism that are capable of producing high quantity of lipid. 
They were discovered in the 1970s (Reece et al., 2011). The lipids in these microorganisms 
have the potential to be alternatives for animal fats and plant oil replacement in biodiesel. 
This is made possible due to the similarity of the structure of fatty acid in microbial lipid 
and those in animal fats and plant oils (Li et al., 2008). Subhash et al. (2011) stated that 
some of the common oleaginous species are Rhodosporidium toruloides, Rhodotorula 
glutinis, Yarrowia lipolytica and Cryptococcus albidus. All of these oleaginous yeasts can 
accumulate lipid about 20% of their dry mass. Leesing et al. (2011) further stated that 
oleaginous yeast such as Rhodosporidium sp., Lipomyces sp. and Rhodotorula sp. can 
accumulate lipids exceeding 70% of their dry mass, even in an environment with limited 
nutrients. Table 2.1 shows the oil content in several types of microorganisms. 
 
Table 2.1: Oil content in several types of microorganisms (Adapted from Meng et al., 
2009). 
 
Microorganisms Oil content  
(% dry wt) 
 Oil content 
(% dry wt) 
Microalgae  Yeast  
  Botryococcus braunii 25-75   Candida curvata 58 
  Cylindrotheca sp. 16-37   Cryptococcus albidus 65 
  Nitzschia sp. 45-47   Lipomyces starkeyi 64 
    
Bacterium  Fungi  
  Arthrobacter sp. >40   Aspergillus oryzae 57 
  Acinetobacter 
calcoaceticus 
27-38   Mortierella isabellina 86 
  Bacillus alcalophilus 18-24   Mortierella vinacea 66 
 
 
  
